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(54) A band switching filter using a surface acoustic wave resonator and an antenna duplexer 
using the same 

(57) The present invention relates to a band switch- 
ing filter including a resonator circuit having a surface 
acoustic wave resonator, a switching element and an 
independance element and selectively passing or atten- 
uating a signal through only one pass band of different 
two pass bands with a single filter and the resonant fre- 
quency of the resonator circuit can be shifted to any 
other frequency by switching a connection state of the 
surface acoustic wave resonator and the impedance 
element by open-or short-circuiting the switching ele- 
ment and results in the number of filter stages can be 
reduced and the band switching filter using the resona- 
tor and an antenna duplexer using the band switching 
filter can be miniaturized, the permanent magnet. 
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Description 

Field of the invention 

[0001] The present invention relates to a band 
switching filter using a surface acoustic wave resonator 
and an antenna duplexer using the same. 

Background of the invention 

[0002] An antenna duplexer of the prior art is gener- 
ally formedby a distributed constant circuit type resona- 
tor such as a coaxial line resonator and number of 
stages and a construction of filters of a resonator have 
been determined based on pass bandwidth and attenu- 
ation quantity. 

[0003] The problem in the above antenna duplexer 
is that it difficult to make the size small because a filter 
characteristic largely depends on a form of the resona- 
tor. For example, a similar problem has existed, even if 
it has a construction of a band switching filter using a 
distributed constant circuit type resonator and switching 
diodes, like Japanese Unexamined Patent 10-150304. 
[0004] The present invention aims to miniaturize 
such a band switching filter and an antenna duplexer 
using it. 

Summary of the Invention 

[0005] To address this problem, a band switching fil- 
ter of the present invention is a filter selectively passing 
or attenuating either one of different two bandwidths 
and is characterized by that at least one of two resonant 
frequencies of the surface acoustic wave resonators is 
moved to the an arbitrary resonant frequency, using res- 
onator circuits each composed of at least a surface 
acoustic wave resonator, a switching element and an 
impedance element and switching a connection state 
between the surface acoustic wave resonator and the 
impedance element through on/off of the switching ele- 
ment. 

[0006] In accordance with the above, not only the 
resonator can be miniaturized but also number of 
stages of filters can be reduced by switching the band- 
width. As a result, the band switching filter can be mini- 
aturized. 

[0007] Also an antenna duplexer can be miniatur- 
ized by using at least one of the above mentioned band 
switching filter. 

Brief Description of the Drawings 
[0008] 

FIG. 1 is a block diagram of a first example of a res- 
onator circuit used in a band switching filter in 
accordance with a first exemplary embodiment of 
the present invention. 



FIG. 2(a) is an equivalent circuit of a surface acous- 
tic wave resonator. 

FIG. 2(b) is a symbol of the equivalent circuit. 
FIG. 3 shows a susceptance characteristic of the 

5 first example of a resonator circuit used in a band 
switching filter in accordance with a first exemplary 
embodiment of the present invention. 
FIG. 4 shows a pass characteristic of the first exam- 
ple of a resonator circuit used in a band switching 

10 filter in accordance with a first exemplary embodi- 
ment of the present invention. 
FIG. 5 is a block diagram of a second example of a 
resonator circuit used in a band switching filter in 
accordance with the first exemplary embodiment of 

15 the present invention. 

FIG. 6 shows a susceptance characteristic of the 
second example of a resonator circuit used in a 
band switching filter in accordance with a first 
exemplary embodiment of the present invention. 

20 FIG. 7 shows a pass characteristic of the second 
example of a resonator circuit used in a band 
switching filter in accordance with a first exemplary 
embodiment of the present invention. 
FIG. 8 is a block diagram of a third example of a 

25 resonator circuit used in a band switching filter in 
accordance with the first exemplary embodiment of 
the present invention. 

FIG. 9 shows a reactance characteristic of the third 
example of a resonator circuit used in a band 

30 switching filter in accordance with a first exemplary 
embodiment of the present invention. 
FIG. 10 shows a pass characteristic of the third 
example of a resonator circuit in accordance with a 
first exemplary embodiment of the present inven- 

35 tion. 

FIG. 1 1 is a block diagram of a band switching filter 
in accordance with the first exemplary embodiment 
of the present invention. 

FIG. 12 shows a pass characteristic of the band 

40 switching filter in accordance with the first exem- 
plary embodiment of the present invention. 
FIG. 13 is a block diagram of a first example of a 
resonator circuit used in a band switching filter in 
accordance with a second exemplary embodiment 

45 of the present invention. 

FIG. 14 shows a susceptance characteristic of the 
first example of a resonator circuit used in a band 
switching filter in accordance with a second exem- 
plary embodiment of the present invention. 

so FIG. 15 shows a pass characteristic of the first 
example of a resonator circuit used in a band 
switching filter in accordance with a second exem- 
plary embodiment of the present invention. 
FIG. 16 is a block diagram of a second example of 

55 a resonator circuit used in a band switching filter in 
accordance with the second exemplary embodi- 
ment of the present invention. 
FIG. 17 shows a reactance characteristic of the. 
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second example of a resonator circuit used in a 
band switching filter in accordance with the second 
exemplary embodiment of the present invention. 
FIG. 18 shows a pass characteristic of the second 
example of a resonator circuit used in a band s 
switching filter in accordance with the second 
exemplary embodiment of the present invention. 
FIG. 19 is a block diagram of a band switching filter 
in accordance with the second exemplary embodi- 
ment of the present invention. 10 
FIG. 20 shows a pass characteristic of the band 
switching filter in accordance with the second 
exemplary embodiment of the present invention. 
FIG. 21 shows symbols for the examples of a 
switching element used in the invention. is 
FIG. 22 is a block diagram of a radio frequency cir- 
cuit part of a portable telephone. 
FIG. 23 shows a pass characteristic of an antenna 
duplexer of the prior art. 

FIG. 24 shows a pass characteristic of a usual 20 
antenna duplexer using band switching filters of the 
present invention. 

Detailed Description of the Exemplary Embodi- 
ments 25 

[0009] Exemplary embodiments of the present 
invention are explained below, using FIGs. 1-21 . 

(First Exemplary Embodiment) 30 

[001 0] FIG. 1 is a block diagram of a first example of 
a resonator circuit used in a band switching filter in 
accordance with a first exemplary embodiment of the 
present invention. 35 
[0011] FIGs. 3 and 4 show characteristics of the 
first example of a resonator circuit used in a band 
switching filter in accordance with a first exemplary 
embodiment of the present invention. 
[0012] FIG. 1 1 is a block diagram of a band switch- 40 
ing filter and FIG. 12 shows its pass characteristic. 
FIGs. 5-10 are the other examples of resonator circuits 
used in the first exemplary embodiment of the present 
invention and show their characteristics. 
[0013] A resonator circuit shown in FIG. 1 includes 45 
a surface acoustic wave resonator 11, an impedance 
element 12, a switching element 13, an input terminal 
14, an output terminal 15 and a ground 16. Input termi- 
nal 14 is connected with output terminal 15, one termi- 
nal of impedance element 12 and one terminal of so 
surface acoustic wave resonator 1 1 . The other terminal 
of impedance element 12 is connected with one termi- 
nal of switching element 13 and the other terminal of 
switching element 13 is connected with the other termi- 
nal of surface acoustic wave resonator 1 1 and ground ss 
16. 

[0014] An equivalent circuit of surface acoustic 
wave resonator. 1.1. is expressed as a parallel circuit of a 



capacitance element 11c and a series connection of a 
capacitance element 11a and inductance element 11b 
as shown in FIG. 2(a). Surface acoustic wave resonator 
11 is symbolized as shown in FIG. 2(b) and referred as 
1 1d and is used without any notice, thereafter. 
[001 5] Using a resonator circuit constructed like the 
above, a parallel resonant frequency of surface acoustic 
wave resonator 1 1 can be shifted to an arbitrary reso- 
nant frequency. A function of a resonant circuit shown in 
FIG. 1 is explained below. 

[0016] FIG. 3 shows a susceptance characteristic 
of a resonator circuit shown in FIG. 1. 
[001 7] A susceptance of the resonator circuit when 
switching element 13 is open is shown by thin curves 
18a in FIG. 3. Susceptance 18a when Q value of sur- 
face acoustic wave resonator 1 1 is infinity is indicated 
as intersection 20a of an asymptote 19a and a horizon- 
tal line which is zero susceptance. The parallel fre- 
quency is indicated as intersection 21a of thin 
susceptance curve 18a and a horizontal line which is 
zero susceptance and a pass characteristic from the 
input terminal 14 to the output terminal 15 is shown by 
curve 24a in FIG. 4. A series resonant frequency point 
20a is shown in FIG. 4 as point 26a. 
[0018] The susceptance of the resonator circuit 
when impedance element 12 is a capacitance element 
and switching element 13 of the resonator circuit is 
short is a synthesized susceptance 23a of susceptance 
22a of the capacitance element and susceptance 1 8a of 
surface acoustic wave resonator 1 1 . In this case, there 
is no change in a series resonant frequency because 
the absolute value of susceptance 18a of surface 
acoustic wave resonator 1 1 is infinity at a series reso- 
nant frequency of the resonator circuit and the parallel 
resonant frequency is shown as a intersection 21b of 
susceptance curve 23a and a horizontal line which is 
zero susceptance. That is, intersection 21b when 
switching element 13 is short circuited is lower in fre- 
quency than intersection 21a when switching element 
13 is open. Therefore, the pass band shifts towards 
lower without any change of attenuation pole frequency 
26a, as shown as frequency characteristic 25a of FIG. 
4. 

[0019] FIG. 1 1 is A block diagram of a band switch- 
ing filter using a resonator circuit shown in FIG. 1 is 
shown in FIG. 11 and its frequency characteristic is 
shown in FIG. 12. 

[0020] A band switching filter shown in FIG. 1 1 is a 
band pass filter and includes surface acoustic wave res- 
onators 1 1e and 1 1f, impedance elements 12b and 12c, 
switching elements 13a and 13b, an capacitance ele- 
ments 33, 34 and 35, an input terminal 14, an output ter- 
minal 15 and a ground 16. Input terminal 14 is 
connected to a terminal of capacitance element 33. the 
other terminal of capacitance element 33 is connected 
to a terminal of capacitance element 34, a terminal of 
surface acoustic wave resonators 1 1 e and a terminal of 
impedance elements 12b. The other terminal of imped- 
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ance elements 12b is connected to a terminal of switch- 
ing elements 13a, the other terminal of capacitance 
element 34 is connected to a terminal of capacitance 
element 35, a terminal of surface acoustic wave resona- 
tors 1 1f and a terminal of impedance elements 12c, the 
other terminal of impedance elements 12c is connected 
to a terminal of switching elements 13b, the other termi- 
nal of capacitance element 35 is connected to output 
terminal 15, the other terminals of surface acoustic 
wave resonators 1 1 e and 1 1f and the other terminals of 
switching elements 13a and 13b are altogether con- 
nected to a ground 16. 

[0021] In a circuit configuration shown in FIG. 11, 
the parallel resonant frequency of a resonator circuit 
shifts by opening or shortening switching elements 13a 
and 13b. As shown in FIG. 12, a frequency characteris- 
tic 36 having pass band 40 is obtained when switching 
elements 13a and 13b are open and a frequency char- 
acteristic 37 having pass band 39 is obtained when 
switching elements 13a and 13b are short. In both 
cases, attenuation pole 38 does not change. 
[0022] According to the above configuration, not 
only a resonator can be miniaturized but also a filter 
having frequency characteristics with both pass bands 
39 and 40 can be realized with less number of stages by 
using a band switching filter. 

[0023] To simultaneously shift the series resonant 
frequency and the parallel resonant frequency of a res- 
onator circuit, it can be realized by a circuit configuration 
in which a capacitance element 17 is inserted between 
a junction point of input terminal 14 and output terminal 
1 5 and a junction point of surface acoustic wave resona- 
tor 11 and impedance element 12 in FIG. 1. The new 
circuit is shown in FIG. 5. 

[0024] A susceptance characteristic of a resonator 
circuit and a pass characteristic looking output terminal 
15 from input terminal 14 are shown in FIGs. 6 and 7, 
respectively. In FIG. 6, the susceptance of the resonator 
circuit when switching element 13 is open is shown by 
thin curves 18b, the asymptote in this case is shown as 
a thin vertical line 19b, the series resonant frequency is 
shown as a point 20c and the parallel resonant fre- 
quency is shown as a point 21c. In the case in which 
impedance element 12 is a capacitance element, the 
susceptance is shown as a thin straight line 22b, the 
susceptance of the resonator circuit when switching ele- 
ment 13 is shorted is shown by thick curves 23b, the 
asymptote in this case is shown as a thick vertical line 
1 9c, the series resonant frequency is shown as a point 
20b and the parallel resonant frequency is shown as a 
point 21 d. 

[0025] Therefore, as shown in FIG. 7, the pass fre- 
quency characteristic when the switching element is 
open is shown as a thin curve 24b. the attenuation pole 
is shown as a point 26b. The frequency characteristic 
when the switching element is short circuited is shown 
as a thick curve 25b, the attenuation pole is shown as a 
point 26c. As a result, both the pass band and the atten- 



6 

uation pole can be shifted to arbitrary other frequencies. 
[0026] To shift only the series resonant frequency of 
a resonator circuit, it can be realized by a circuit config- 
uration in which input terminal 1 4 and output terminal 1 5 

5 are connected to a terminal of surface acoustic wave 
resonator 11, the other terminal of surface acoustic 
wave resonator 1 1 is connected to a terminal of imped- 
ance element 12a and a terminal of switching element 
13 and both the other terminal of impedance element 

10 12a and the other terminal of switching element 13 are 
connected to a ground 16. The new circuit is shown in 
FIG. 8. 

[0027] A reactance characteristic of the resonator 
circuit shown in FIG. 8 is shown in FIG. 9 and a pass 

15 characteristic looking output terminal 15 from input ter- 
minal 14 is shown in FIG. 10. In FIG. 9, a reactance 
characteristic of a resonator circuit when switching ele- 
ment 13 is open is shown by thin curves 27a, the 
asymptote in this case is shown as a thick vertical line 

20 28a, the series resonant frequency is shown as a point 
32a and the parallel resonant frequency is shown as a 
point 29a. In the case in which impedance element 12a 
is an inductance element, the reactance is shown as a 
thin straight line 30a, the reactance of the resonator cir- 

25 cuit when switching element 13 is shorted is shown by 
thick curves 31a, the asymptote in this case is shown as 
a thick vertical line 29a, the series resonant frequency is 
shown as a point 32b and the parallel resonant fre- 
quency is shown as a point 29a. 

30 [0028] Therefore, as shown in FIG.1 0 the frequency 
characteristic when the switching element is open is 
shown as a thin curve 24c, the attenuation pole is 
shown as a point 26d. The frequency characteristic 
when the switching element is shorted is shown as a 

35 thick curve 25c, the attenuation pole is shown as a point 
26e. As a result, the attenuation pole can be shifted to 
an arbitrary other frequency. 

(Second Exemplary Embodiment) 

40 

[0029] FIG. 13 is a block diagram of a first example 
of a resonator circuit used in a band switching filter in 
accordance with a second exemplary embodiment of 
the present invention. FIGs. 14 and 15 show its charac- 

45 teristics. FIG. 19 is a block diagram of a band switching 
filter. FIG. 20 shows its pass characteristics. FIGs. 16 
and 17 are a block diagram of a second example of a 
resonator circuit used in a band switching filter in 
accordance with the second exemplary embodiment of 

so the present invention and its characteristic, respectively. 
Here, because the resonator circuit 1 1 used in a band 
switching filter of the second exemplary embodiment of 
the present invention shown in FIG. 13 has basically the 
same construction as that shown in FIG. 1 , the blocks 

55 having similar functions to those in FIG. 1 are numbered 
with the same reference number and the detailed expla- 
nation is omitted. 

[0030] A resonator circuit shown in FIG. 13 is comr _ 
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posed of a surface acoustic wave resonator 11, an 
impedance element 12d, a switching element 13, an 
input terminal 14 and an output terminal 15. Input termi- 
nal 14 is connected to a terminal of surface acoustic 
wave resonator 1 1 and a terminal of impedance ele- 
ment 12d and the other terminal of impedance element 
I2d is connected to a terminal of switching element 13 
and both the other terminal of switching element 13 and 
surface acoustic wave resonator 1 1 are connected to 
output terminal 15. 

[0031] According to a resonator circuit having the 
above configuration, a parallel resonant frequency of 
surface acoustic wave resonator 1 1 can be shifted to an 
arbitrary frequency. The function of the resonator circuit 
when impedance element 1 2d is a capacitance element 
is basically just as explained in the first exemplary 
embodiment. In FIG. 1 4, the susceptance of the resona- 
tor circuit when switching element 13 is open is shown 
by thin curves 1 8c, the asymptote in this case is shown 
as a thin vertical line 19d, the series resonant frequency 
is shown as a point 20e and the parallel resonant fre- 
quency is shown as a point 21e. In the case in which 
impedance element 1 2d is a capacitance element, the 
susceptance is shown as a thin straight line 22c and the 
susceptance of the resonator circuit when switching ele- 
ment 1 3 is shorted is shown by thick curves 23c. The 
asymptote in this case is shown as a thick vertical line 
19d, the series resonant frequency is shown as a point 
20e and they do not change from those when switching 
element 13 is open but the parallel resonant frequency 
is shown as a point 211 

[0032] Therefore, as shown in FIG. 15, the pass fre- 
quency characteristic when the switching element 13 is 
open is shown as a thin curve 24d and the attenuation 
pole is shown as a point 26f. The pass frequency char- 
acteristic when the switching element 13 is shorted is 
shown as a thick curve 25d and the attenuation pole is 
shown as a point 26g. As a result, The attenuation pole 
can be shifted to an arbitrary frequency. 
[0033] Because the connection of the resonator cir- 
cuit against input terminal 14 and output terminal 15 is 
in series in the second exemplary embodiment (FIG. 
13) while it is in parallel in the first exemplary embodi- 
ment (FIGs. 1 ,5 and 8), the pass frequency characteris- 
tic (FIG. 15) of the second exemplary embodiment is 
different from those (FIGs. 4, 7, 10 and 12) of the first 
exemplary embodiment, that is, the attenuation poles 
26f and 26g are higher than the pass bands. 
[0034] A block diagram of a band switching filter 
using a resonator circuit shown in FIG. 13 is shown in 
FIG. 19 and its frequency characteristic is shown in FIG. 
20. 

[0035] The band switching filter shown in FIG. 19 is 
a band pass filter and comprises surface acoustic wave 
resonators 11g and 11h, impedance elements 12f and 
12g, switching elements 13c and 13d, an input terminal 
14, an output terminal 15 and a transmission line 41. 
Input terminal 14 is connected to one terminal of sur- 



face acoustic wave resonator 11g and one terminal of 
switching element 13c, the other terminal of switching 
element 13c is connected to one terminal of impedance 
elements 1 2f, the other terminal of impedance elements 

5 12f is connected to the other terminal of surface acous- 
tic wave resonator 1 1 g and one terminal of transmission 
line 41. The other terminal of transmission line 41 is 
connected to one terminal of surface acoustic wave res- 
onator 1 1 h and one terminal of switching element 1 3d, 

to the other terminal of switching element 13d is con- 
nected to one terminal of impedance elements 12g, the 
other terminal of impedance elements 12g is connected 
to the other terminal of surface acoustic wave resonator 
1 1h and output terminal 15. 

15 [0036] In FIG. 1 9, because the parallel resonant fre- 
quency of the resonator circuit is shifted by open- or 
short-circuiting switching elements 13c and 13d, the 
pass characteristic is as shown in FIG. 20. When 
switching element 13c and 13d are open, frequency 

20 characteristic 42 which attenuation band is 45 is 
obtained and when switching element 13c and 13d are 
shorted, frequency characteristic 43 which attenuation 
band is 44 is obtained. In both cases, the pass band 
does not change. 

25 [0037] According to the above configuration, by 
using a band switching filter as well as by miniaturiza- 
tion of a resonator, a filter having a frequency character- 
istic in which both attenuation bands 44 and 45 are 
attenuated can be realized with less stages and it is 

30 hard to receive an effect of ground potential fluctuation. 
[0038] To shift only the series resonant frequency of 
the resonator circuit, the following configuration shown 
in FIG. 16 is preferable. One terminal of surface acous- 
tic wave resonator 1 1 is connected to input terminal 14, 

35 the other terminal of surface acoustic wave resonator 1 1 
is connected to both one terminal of impedance ele- 
ment 12e and one terminal of switching element 13, 
both the other terminal of impedance element 12e and 
the other terminal of switching element 13 are con- 

40 nected to output terminal 1 5. 

[0039] A reactance characteristic of a resonator cir- 
cuit and a pass characteristic looking output terminal 15 
from input terminal 14 shown in FIG. 16 are shown in 
FIGs. 17 and 18, respectively. In FIG. 17, the reactance 

45 of the resonator circuit when switching element 13 is 
open is shown as a thin curve 27b, the asymptote in this 
case is shown as a thick vertical line 28b, the series res- 
onant frequency is shown as a point 32c and the parallel 
resonant frequency is shown as a point 29b. The reac- 

50 tance when impedance element 12e is an inductance 
element is shown as a thin straight line 30b, the reac- 
tance of the resonator circuit when switching element 
13 is shorted is shown as a thick curve 31b, the asymp- 
tote in this case is shown as a thick vertical line 28b, the 

55 series resonant frequency is shown as a point 32d and 
the parallel resonant frequency is shown as a point 29b. 
[0040] Therefore, as shown in FIG. 18, the pass fre- 
quency characteristic when the switching element 13 js 
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open is shown as a thin curve 24e and the attenuation 
pole is shown as a point 26h. The pass frequency char- 
acteristic when the switching element 13 is shorted is 
shown as a thick curve 25e and the attenuation pole is 
shown as a point 26h. As a result, The pass band can 5 
arbitrarily be shifted without shifting the frequency of the 
attenuation pole. 

[0041] By applying band switching filters in accord- 
ance with the first or second exemplary embodiment of 
the present invention to an antenna duplexer, it 10 
becomes easily possible to miniaturize the antenna 
duplexer. 

[0042] It is explained below in brief, taking an Amer- 
ican Personal Cellular System for instance and referring 
to FIGs. 22-24. An antenna duplexer 52 is composed of 15 
a transmitter filter 52a and receiver filter 52b. each hav- 
ing different pass band. Transmitter filter 52a is electri- 
cally connected to an antenna 51 and a transmitter 
circuit 53 and receiver filter 52b is electrically connected 
to antenna 51 and a receiver circuit 54. The transmitter 20 
band frequency is 1850MHz to 1910MHz and the 
receiver band frequency is 1930MHz to 1990MHz. A 
usual antenna duplexer is composed of a transmitter fil- 
ter 52a having a pass characteristic 61 of pass band 63 
and attenuation band 66 and a receiver filter 52b having 25 
a pass characteristic of pass band 64 and attenuation 
band 65 as shown in FIG. 23. 

[0043] In this case, because it is necessary to have 
pass band of 60MHz and attenuate the band 20MHz 
apart from the pass band, it is necessary to make the 30 
number of filter stages and secure a steep attenuation 
characteristic. As a result, not only the filter shapes of 
both transmitter filter 52a and receiver filter 52b become 
large but also the insertion loss becomes big and a 
characteristic deterioration is inevitable. 35 
[0044] To solve this problem, the transmission band 
is separated into two bands, 1850MHz to 1885MHz and 
1885MHz to 1910MHz and the reception band is sepa- 
rated into also two bands, 1930MHz to 1965MHz and 
1 965MHz to 1 990MHz and a band switching filter of the 40 
present invention is used. 

[0045] A pass band characteristic in this case is 
shown in FIG. 24. A band switching filter which can 
switch between a pass characteristic 61a having pass 
band 63a and attenuation band 66a and a pass charac- 45 
teristic 61b having pass band 63b and attenuation band 
66b is used for a transmitter filter and a band switching 
filter which can switch between a pass characteristic 
62a having pass band 64a and attenuation band 65a 
and a pass characteristic 62b having pass band 64b so 
and attenuation band 65b is used for a receiver filter. 
Comparing with a filter used in a usual antenna 
duplexer, the pass band is about half and the attenua- 
tion band is about two times apart from the pass band 
and less number of filter stages is enough and a minia- 55 
turization of the antenna duplexer can be realized. 
[0046] As a switching element, an element such as 
a mechanical switch 64, a PIN diode 47 or a FET (field- 



effect transistor) element 48 shown in FIG. 21 is consid- 
ered. In any case, it is necessary to arrange the element 
so that two terminals of the element can be made open 
or shorted and to select it considering power dissipation 
of a band switching filter and a current for switching and 
so on. 

[0047] In the case in which a switching element and 
an impedance element is connected in series as shown 
in FIG. 1 , each element can be replaced each other or 
each element can be replaced by a connection of plural 
pieces. 

[0048] To adjust the frequency to be shifted, an 
impedance element can be connected between switch- 
ing element 1 3 and ground 1 6 in the circuit configuration 
shown in FIG. 8. 

[0049] The present invention relates to a band 
switching filter selectively passing or attenuating only 
one band of two different bands, which forms a resona- 
tor circuit comprising at least a surface acoustic wave 
resonator, a switching element and an impedance ele- 
ment and shifts at least one of two resonant frequencies 
of the surface acoustic wave resonator to the other fre- 
quency by switching a connection state of the surface 
acoustic wave resonator and the impedance element by 
open- or short-circuiting the switching element. Accord- 
ing to the present invention it is possible not only to min- 
iaturize a resonator but also to reduce number of filter 
stages by band switching and as a result, miniaturiza- 
tion of a band switching filter can be realized. 
[0050] The present invention relates to a band 
switching filter selectively passing or attenuating only 
one band of two different bands, which forms a resona- 
tor circuit comprising at least a surface acoustic wave 
resonator, a switching element and an impedance ele- 
ment and in which one terminal of the surface acoustic 
wave resonator, one terminal of the impedance element 
and one terminal of the switching element are alto- 
gether connected and the other terminal of the imped- 
ance element and the other terminal of the switching 
element are connected. According to the present inven- 
tion, it becomes possible to miniaturize a resonator cir- 
cuit and to reduce number of filter stages without being 
effected by a subtle drift of a ground potential by shifting 
a series resonant frequency of the surface acoustic 
wave resonator, namely band switching and as a result, 
miniaturization of a band switching filter can be realized. 
[0051] The invention may be embodied in other 
specific form without departing from the spirit or essen- 
tial characteristics thereof. The present embodiment is 
therefore to be considered in all respects as illustrative 
and not restrictive, the scope of the invention being indi- 
cated by the appended claims rather than by the forego- 
ing description and all changes which come within the 
meaning and range of equivalency of the claims are 
therefore intended to be embraced therein. 
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Claims 

1. A band switching filter, which is formed by one 
piece of filter and selectively passes or attenuates 
only one of two different frequency bands, wherein 
a resonator circuit of said band switching filter com- 
prises a surface acoustic wave resonator, a switch- 
ing element and an impedance element; and at 
least one of two resonant frequencies of said sur- 
face acoustic wave resonator is shifted to the other 
resonant frequency by switching a connection state 
of said surface acoustic wave resonator and said 
impedance element by open- or short-circuiting 
said switching element. 

2. A band switching filter, which is formed by one 
piece of filter and selectively passes or attenuates 
only one of two different frequency bands, wherein 
a resonator circuit of said band switching filter com- 
prises a surface acoustic wave resonator, a switch- 
ing element and an impedance element, each 
having two terminals; and said resonator circuit is 
made so that a series connection of said imped- 
ance element and said switching element is con- 
nected in parallel with said surface acoustic wave 
resonator. 

3. A band switching filter, which is formed by one 
piece of filter and selectively passes or attenuates 
only one of two different frequency bands, wherein 
a resonator circuit of said band switching filter com- 
prises a surface acoustic wave resonator, a switch- 
ing element, an impedance element and a 
capacitance element, each having two terminals; 
and said resonator circuit is made so that a parallel 
circuit of said surface acoustic wave resonator and 
a series circuit of said impedance element and said 
switching element is connected in series with said 
capacitance element. 

4. A band switching filter, which is formed by one 
piece of filter and selectively passes or attenuates 
only one of two different frequency bands, wherein 
a resonator circuit of said band switching filter com- 
prises a surface acoustic wave resonator, a switch- 
ing element and an impedance element each 
having two terminals; and said resonator circuit is 
made so that a parallel circuit of said impedance 
element and said switching element is connected in 
series with said surface acoustic wave resonator. 

5. A band switching filter as recited in claim 1 , wherein 
said impedance element is a capacitance element. 

6. A band switching filter as recited in claim 1 , wherein 
said impedance element is a inductance element. 

7. A band switching filter as recited in claim 1 , wherein 



said switching element is a PIN diode. 

8. A band switching filter as recited in claim 1 , wherein 
said switching element is a field-effect transistor 

s element. 

9. A band switching filter, which is formed by one 
piece of filter and selectively passes or attenuates 
only one of two different frequency bands, wherein 

10 a resonator circuit of at least one of band switching 
filters comprises a surface acoustic wave resonator, 
a switching element and an impedance element, 
and three pieces of capacitance elements are con- 
nected in series between input and output terminals 

is of said band switching filter and each one of said 
resonator circuits is connected between the junc- 
tion point of the first and second capacitance ele- 
ments and a ground and between the junction point 
of the second and third capacitance elements and 

20 the ground as a jc-type filter. 

10. A band switching filter, which is formed by one 
piece of filter and selectively passes or attenuates 
only one of two different frequency bands, wherein 

25 a resonator circuit of at least one of band switching 
filters comprises a surface acoustic wave resonator, 
a switching element and an impedance element, 
and a first resonator circuit, a transmission line and 
a second resonator circuit are connected in series 

30 in order between input and output terminals of said 
band switching filter. 

11. An antenna duplexer, which comprises two band 
pass filters having pass bands with different fre- 

35 quencies and each filter attenuates the pass band 
of the other filter, wherein a resonator circuit of at 
least one of said band switching filters comprises a 
surface acoustic wave resonator, a switching ele- 
ment and an impedance element, and said band 

40 switching filter shifts at least one of two resonant 
frequencies of said surface acoustic wave resona- 
tor to the other resonant frequency by switching a 
connection state of said surface acoustic wave res- 
onator and said impedance element by open- or 

45 short-circuiting said switching element and selec- 
tively passes or attenuates only one of two different 
bands by one piece of filter. 

12. An antenna duplexer, which comprises two band 
so pass filters haying pass bands with different fre- 
quencies and each filter attenuates the pass band 
of the other filter, wherein a resonator circuit of at 
least one of said band switching filters comprises a 
surface acoustic wave resonator, a switching ele- 

55 ment and an impedance element, said band switch- 
ing filter shifts at least one of two resonant 
frequencies of said surface acoustic wave resona- 
tor to the other resonant frequency by switching a 
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connection state of said surface acoustic wave res- 
onator and said impedance element by open- or 
short-circuiting said switching element and selec- 
tively passes or attenuates only one of two different 
bands by one piece of filter, and said surface 5 
acoustic resonators of said band switching filter are 
packed in the same package. 
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FIG. 3 
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